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Description 

Background of the Invention 
Field of the Invention 

[0001] This invention concerns the seal material for 
lamps, such as xenon lamps and halogen lamps. 

Description of Related Art 

[0002] Functionally gradient materials are composed 
of mixed sinters of, for example, an electrically conduc- 
tive material, such as a metal, and a non-conductive ma- 
terial, such as an oxidation product of a metal. By vary- 
ing the proportion of the conductive material in stages 
in a specified direction, it is possible to form a material 
that has a conductive portion where there is a high pro- 
portion of the conductive material as well as a non-con- 
ductive portion where there is a low proportion of the 
conductive material. The conductive and non-conduc- 
tive portions make up a solid whole that is well-suited 
as a seal material that forms a current feed in lamp 
seals. 

[0003] When this sort of functionally gradient material 
is used as a lamp seal, it is necessary for the electrical 
feed lead bar to pass through the functionally gradient 
material in order to provide electrical contact between 
the inside and outside of the lamp. For example, it is 
possible to make a through-hole for the lead bar from 
the end of the functionally gradient material in the direc- 
tion of the build-up, or to make non-through lead bar 
holes in each end of the functionally gradient material 
and insert the lead bar into one of the holes. 
[0004] With such functionally gradient materials, if a 
tungsten lead bar is attached within the functionally gra- 
dient material, the lead bar and the functionally gradient 
material will be attached even in the region of the func- 
tionally gradient material where there is a high propor- 
tion of non-conductive material. Thus, cracking some- 
times occurs in the post-sintering cooling stage of the 
process of manufacturing the functionally gradient ma- 
terial, due to the different indices of thermal expansion 
of the tungsten and the non-conductive material. 
[0005] Methods to solve the problem described above 
have been proposed, including the method of leaving a 
gap between the lead bar and the functionally gradient 
material so that there is no contact between the two in 
the region where there is a large difference between 
their indices of thermal expansion. For example, this 
sort of seal using functionally gradient materials is de- 
scribed in Japanese Kokai Patent Publication HEI 
-115484 (1997). 

[0006] The technology is to prevent cracking of the 
functionally gradient material due to a difference in indi- 
ces of thermal expansion during operation of a lamp us- 
ing a seal made of a functionally gradient material, by 
having no contact between the outer surface of the lead 



bar and the inner surface of the lead bar hole through 
the functionally gradient material. The structure de- 
scribed has a gap between the lead bar hole in the func- 
tionally gradient material and the lead bar itself. 

5 [0007] Nevertheless, this technology is technology to 
prevent the occurrence of cracking during operation of 
the lamp; there is no consideration at all given to pre- 
venting the cracking that occurs during the post-sinter- 
ing cooling stage of the process of manufacturing the 

10 functionally gradient material. Therefore there is no 
mention of the region of the functionally gradient mate- 
rial to which the lead bar is best attached, and that meth- 
od cannot prevent the cracking which occurs during the 
process of manufacturing the functionally gradient ma- 

15 terial, which is the task of the invention of this applica- 
tion. 

[0008] Other disclosures of the use of functionally gra- 
dient materials in lamp seals can be found in commonly 
owned, co-pending U.S. Patent Application Nos. 

20 09/142,180; 09/147,115; and 09/308,644. 

[0009] EP 1001453 A1 , which defines prior art in ac- 
cordance with Art. 54(3) EPC, discloses a lamp seal 
comprising a functionally gradient material and a lead 
bar. The functionally gradient material has layers of mix- 

25 tures of electrically non-conductive material and con- 
ductive material in which a layer at one end is non-con- 
ductive and a layer at an opposite end is conductive, 
with intervening layers in which the proportion of con- 
ductive material increases moving from said one end to 

30 said opposite end. The lead bar passes through a hole 
extending through the functionally gradient material and 
is attached in a conductive region of the functionally gra- 
dient material. The hole is cylindrical with an expanded 
diameter which extends from the point of attachment of 

35 the lead bar toward the non-conductive end. According 
to Figs. 9 and 1 0 of this document, the proportion of con- 
ductive material at the point of attachment of the lead 
bar in the functionally gradient material is 30 weight-%. 

40 Summary of the Invention 

[0010] It is an object of this invention to provide a lamp 
seal that avoids cracking of the functionally gradient ma- 
terial in the manufacturing process, and thus, assures 

45 that the finished product has adequate mechanical 
strength. Moreover, it is desired to provide a lamp seal 
with improved productivity when the light-emitting tube 
of the lamp is sealed by improving the ease with which 
welding can be performed. 

50 [0011] In order to achieve this object the invention 
provides a lamp seal as defined in present claim 1 . 
[0012] Alternatively, the hole can expand in tapered 
form from the point of attachment toward the non-con- 
ductive end, with the wall thickness of the functionally 

55 gradient material from the point of attachment to the 
non-conductive end being less than its wall thickness at 
the point of attachment. 

[0013] Moreover, in some embodiment, the outside 
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diameter of the functionally gradient material at and near 
the non-conductive end is smaller than the outside di- 
ameter at the point of attachment. 
[0014] The invention of this application is one which 
prescribes the region where the lead bar should be at- 5 
tached to functionally gradient material that has a lay- 
ered structure with variation in the proportion of the con- 
ductive component. Specifically, the hole which allows 
the lead bar to pass through the functionally gradient 
material is divided into two regions; in one region the 
lead bar is attached to the functionally gradient material 
where the proportion of the conductive material is at a 
specified level, and in the other region there is a gap 
between the lead rod and the functionally gradient ma- 
terial so that the two are not in contact. 
[0015] If the gap between the lead bar insertion hole 
and the lead bar is too short along the length of the lead 
bar, or in other words, if the non-contact region is the 
smaller of the two, then the point of attachment of the 
lead bar and the functionally gradient material is in the 
region of a higher proportion of the non-conductive com- 
ponent. In the process of manufacturing the functionally 
gradient material, therefore, cracking is liable to occur 
in the cooling stage following sintering. On the other 
hand, if the gap is too long along the length of the lead 
bar, or in other words, if the non-contact region is too 
much longer, there will be little mechanical strength at 
the point of attachment of the lead bar and the function- 
ally gradient material. For that reason, the seal material 
may break under pressure when it is fixed in place, or if 
the operator mistakenly touches the functionally gradi- 
ent material. 

[0016] The relationship between the inner diameter of 
the lead bar insertion hole and the outer diameter of the 
lead bar is explained next. 

[001 7] First, if the inner diameter of the lead bar inser- 
tion hole is two small, and the gap between the lead bar 
and the functionally gradient material is too narrow, dur- 
ing sintering in the process of manufacturing the func- 
tionally gradient material, the functionally gradient ma- 
terial will contract greatly, and at the same time, the lead 
bar inserted in the hole will undergo thermal expansion, 
so that the functionally gradient material will contact the 
lead bar in the region of a high proportion of the non- 
conductive material, and cracking will occur. And if the 
inner diameter of the lead bar insertion hole is too large, 
the wall of functionally gradient material will be too thin 
and handling during the production process prior to sin- 
tering will be difficult, resulting in breakage of the func- 
tionally gradient material. Moreover, even after the seal 
piece is created, deformation of a seal that is too thin 
during the subsequent process of manufacturing, such 
as when the silica light-emitting tube of the lamp is 
sealed by welding, would lead to problems in the man- 
ufacturing process. 

[0018] If the diameter of the lead insertion hole is too 
large, on the other hand, and the wall of the seal is too 
thin, the thermal capacity of the seal will be reduced, 



and there will be problems in that the seal of the light- 
emitting tube will not be completely sealed. 
[0019] The invention of this application provides a 
highly reliable lamp seal in which the proportion of con- 
ductive material at the point of attachment of the lead 
bar to the non-conductive end of the functionally gradi- 
ent material is no less than 0.6 Vol%, which will prevent 
cracking of the functionally gradient material even dur- 
ing cooling after sintering, and is no more than 39 Vol%, 
which will facilitate handling of the functionally gradient 
material during the manufacturing process and will pro- 
vide adequate mechanical strength in the finished prod- 
uct. 

[0020] The use, according to the invention, of a hole 
formed in the direction of layering of the functionally gra- 
dient material which is a cylindrical hole with an expand- 
ed section will prevent contact with the internal surface 
of the functionally gradient material even during thermal 
expansion of the lead bar, if the hole's inside diameter 
C is greater than 1 .2 d, where d is the outside diameter 
of the lead bar. Furthermore, if the hole's inside diameter 
C is less than 0.6D, where D is the outside diameter of 
the functionally gradient material, that will prevent 
breakage during manufacturing and also deformation of 
the seal piece when the light-emitting tube is sealed. 
[0021] The third and fourth embodiments of this ap- 
plication facilitate seal processing and give final form to 
the sealing operation. 

These and further objects, features and advantages of 
the present invention will become apparent from the fol- 
lowing description when taken in connection with the ac- 
companying drawings which, for purposes of illustration 
only, show several embodiments in accordance with the 
present invention. 

Brief Description of the Drawings 

[0022] 

Figure 1 is partial cross-sectional view showing an 
embodiment of the lamp seal using functionally gra- 
dient material of this invention; 
Figures 2(a) through 2(d) are cross-sectional views 
modified forms for the expanded hole of the lamp 
seal of the first embodiment of this application; 
Figures 3(a) through 3(e) are cross-sectional views 
of a second embodiment of the lamp seal of the in- 
vention; 

Figure 4 is a table showing silica glass-molybde- 
num densities and the thickness of various layers 
of a functionally gradient material; 
Figure 5 is an explanatory drawing of a bending test 
for the seal material in a test case; 
Figures 6(a) and 6(b) are diagrams of a test piece 
used to explain test case 1 , and evaluations of var- 
ious test pieces in test case 1 , respectively; and 
Figure 7 is table showing the results of test cases 2 
through 5. 
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Detailed Description of the Invention 

[0023] In Figure 1 , an example of the lamp seal 20 
using the functionally gradient material of this invention 
is shown which comprises functionally gradient material 5 
21 and a lead bar (electrode bar) 21. The functionally 
gradient material 21 has an insertion hole 25 for the lead 
bar 11 , and the lead bar 11 passes through the insertion 
hole 25 and is attached therein at a point of attachment 
26, to be described hereafter, between the lead bar 11 
and the functionally gradient material 21 . The function- 
ally gradient material has a non-conductive end 22 and 
a conductive end 23. Within the functionally gradient 
material 21 , the inside diameter of the insertion hole 25 
is enlarged from the point of attachment 26 to the non- 
conductive end 22, forming a cylindrical gap 24 between 
the lead bar 1 1 and the functionally gradient material 21 . 
[0024] The functionally gradient material 21 is com- 
posed of, for example, a layer of non-conductive mate- 
rial and layers of mixed non-conductive and conductive 
components, with each of the mixed layers having dif- 
ferent proportions of the components. Thus, the func- 
tionally gradient material 21 is layered such that the 
light-emitting tube 10 end (the non-conductive end 22) 
is a region rich in the non-conductive component, and 
the layers have an increasingly high proportion of the 
conductive component towards the opposite end (the 
conductive end 23). This seal 20, which comprises the 
functionally gradient material 21 and a lead bar 11, 
forms a seal structure when the light-emitting tube (bulb) 
10, shown by broken lines in the figure, is welded to the 
region that is rich in the non-conductive component, on 
the left side in Figure 1 . 

[0025] Possibilities for the non-conductive compo- 
nent include silica glass, quartz, alumina, zirconia, mag- 
nesia, silicon carbide, titanium carbide, silicon nitride, 
aluminum nitrate and so on, but of these, silica glass is 
best suited. 

[0026] Possibilities for the conductive component in- 
clude molybdenum, nickel, tungsten, tantalum, chrome, 
platinum, zirconium and so on, but of these, molybde- 
num is best suited. 

[0027] The lead bar is made of a tungsten wire with a 
diameter of 01 to 08, and is a single piece comprising 
an inner lead 12 that extends beyond the non-conduc- 
tive end 22 of the functionally gradient material 21 and 
an outer lead 13 that extends out from the other, con- 
ductive end. There is good conductivity when the inner 
lead 12 and outer lead 13 make up a single lead bar 11 
in this way, and it is possible to carry a large current. 
However, it is possible for the lead bar 11 to comprise a 
separate inner lead 12 and outer lead 13 inserted into 
opposite ends of the functionally gradient material 21 , 
thus using the conductive component of the functionally 
gradient material 21 to provide the electrical path. 
[0028] A coil 1 4 is wrapped around the tip of the inner 
lead 12, and functions when the lamp is turned on. 
[0029] There are a number of methods for manufac- 



turing functionally gradient materials, and the dry meth- 
od, for example, can be adopted with good effect. More 
concretely, a powdered non-conductive material is 
packed into a mold that has a core piece to form the 
insertion hole 25, and a power layer of non-conductive 
material is formed; above that, mixtures with different 
proportions of conductive and non-conductive powders 
are packed into the mold in order from the mixture with 
the smallest proportion of conductive powderto that with 
the greatest proportion. Pressure is then applied to mold 
a layered cylindrical object. 

[0030] The insertion hole 25 for the lead bar 11 is 
formed, in the pressure molding, with a larger inside di- 
ameter from the end with a high proportion of non-con- 
ductive powders up to the point of attachment 26. When 
this point of attachment 26 is in its final state, it will be 
a region in which the proportion of the conductive com- 
ponent is no less than 0.6 Vol% and no more than 39 
Vol%. It is possible, for example, to use a moid piece of 
a specified shape to enlarge the inner diameter of the 
hole 25 at the same time pressure is applied, or to cut 
out the lead bar insertion hole 25 after the pressure has 
been applied. 

[0031] Next, the lead bar 11 is inserted in the hole 25 
in the functionally gradient material 21 that had been 
pressure-molded as described above, and the molding 
is then partially sintered for 30 minutes at 1200° C under 
an atmosphere of non-oxidizing gas. Then, the partially 
sintered functionally gradient material 21 is fully sintered 
by heating it to a temperature higher than was used for 
the partial sintering. For example, the full sintering can 
be performed by heating the partially sintered function- 
ally gradient material to the temperature range of 1720 
to 1 750° C for 1 0 to 1 5 minutes. As a result, at the same 
time that the functionally gradient material 21 becomes 
fully sintered, it contracts and the hole 25 is tightened, 
fixing the lead bar 1 1 firmly in place as a part of the func- 
tionally gradient material 21 . 

[0032] The proportion of the conductive component of 
the functionally gradient material 21 at the point of at- 
tachment 26 is no less than 0.6 Vol% and no more than 
30 Vol%. Furthermore, there is, from the non-conductive 
end 22 of the functionally gradient material to the point 
of attachment 26, a cylindrical gap such that the lead 
bar 1 1 does not contact the inside surface of the hole 25. 
[0033] In accordance with the first embodiment of this 
invention, it is possible to prevent cracking during the 
post-sinter cooling stage of the functionally gradient ma- 
terial 21 with the lead bar 11 inserted, despite the differ- 
ence in the indices of thermal expansion of the two. And 
because the mechanical strength of the functionally gra- 
dient material 21 is maintained, it is safe from breakage 
even if a person touches the functionally gradient ma- 
terial 21 by mistake or if pressure is applied to it when 
the lamp base is fitted to it. 

[0034] In accordance with this invention, the lead bar 
insertion hole 25 meets the condition 1.2d < C < 0.6D 
where C is the inside diameter of the hole 25, and D is 
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the outside diameter of the functionally gradient material 
2, in the region from the non-conductive end 22 to the 
point of attachment 26 of the lead bar 11 (the region 
marked L in the figure). 

[0035] Produced in that way, when the functionally 
gradient material 21 contracts in the sintering process 
and the lead bar 11 undergoes thermal expansion, the 
gap 24 will be sufficient and there will be no contact be- 
tween the two at high temperatures. Therefore, it is pos- 
sible to prevent cracking during the full sintering. 
[0036] Moreover, even if a larger inside diameter is 
desired for the hole 25, the hole forming stage of the 
manufacturing process of the seal 20 of this invention is 
simple and its productivity is good, and the mechanical 
strength of the finished product can be assured. In ad- 
dition, when the seal 20 of the invention of this applica- 
tion is used to seal the light-emitting tube of the lamp, 
there is no danger that the seal wall of the functionally 
gradient material 21 will be too thin and deform, and no 
danger of cracking because of contact between the lead 
bar 25 and the part of the functionally gradient material 
21 with a high proportion of the non-conductive compo- 
nent. 

[0037] It is possible to implement this invention with 
different shapes for the insertion hole 25 in the function- 
ally gradient material 21 . For example, those shown in 
Figures 2(a) through 2(d) are usable. In Figure 2(a) and 
2(c), except at the point of attachment of the non-con- 
ductive end of the functionally gradient material to the 
lead bar, the insertion hole tapers outward from the point 
of attachment to the non-conductive end, and the wall 
thickness of the non-conductive end is less than that at 
the point of attachment. 

[0038] As in the drawings, the inner diameter of the 
opening of the hole 25 from the point of attachment 26 
to the non-conductive end 22 is shaped so that it grows 
larger, either steadily or in steps, towards the non-con- 
ductive end. Thus, a variety of modes of implementation 
are possible. Those shown in Figures 2(a)-2(d) are not 
limiting, and changes can be made as appropriate. 
[0039] In the implementations above, there is a gap 
24 between the functionally gradient material 21 and the 
lead bar 11 from the point of attachment 26 to the non- 
conductive end (the left side in the drawings) so that 
there is no contact between the two. In comparison to 
the conductive side (the right side in the drawings), the 
wall thickness of the functionally gradient material 21 is 
less on the non-conductive side. In these versions, the 
non-conductive end of the seal 20 has a reduced ther- 
mal capacity, and so it is easily welded to the light-emit- 
ting tube and the lamp can be reliable sealed. 
[0040] Next, Figures 3(a) through 3(e) show other 
modes of implementation of the seal 20 of the invention 
of this application. 

[0041] In Figures 3(b), 3(c) and 3(d), the outer diam- 
eter of the functionally gradient material, at and near the 
non-conductive end, is less than that of the functionally 
gradient material at the point of attachment to the lead 



bar. Because the outer diameter is smaller, the wall 
thickness of that part is less. However, this invention is 
not limited to the shapes shown in Figures 3(a)-3(e), and 
changes can be made as appropriate. The edge of the 
5 gap 24 could be flat, or tapered, or rounded as well. 
[0042] Figure 3 is a vertical cross section of the non- 
conductive end of the seal 20. When the wall thickness 
of the non-conductive end of the functionally gradient 
material 21 is reduced, as shown in the drawing, the 
process of sealing the light-emitting tube 10 can be car- 
ried out easily and completely, for the same reasons as 
stated above. 

[0043] This type of seal 20 can also seal a light-emit- 
ting tube using frit glass, for example. When the edge 
of the opening of the gap 24 has a stepped shape as in 
Figures 3(c) and 3(d), the position of the tip of the elec- 
trode can be set easily when the stepped portion of the 
seal 20 is inserted in the cylindrical tube of the light-emit- 
ting tube. 

[0044] A specific example of this invention is ex- 
plained below. 

[0045] The functionally gradient material was pro- 
duced using silica glass (Si0 2 ) as the non-conductive 
component and molybdenum (Mo) as the conductive 
component. First, silica glass-molybdenum powders 
mixed in 1 2 different proportions were placed into a mold 
that had mold core on the bottom to form the insertion 
hole and gap. Placement in the mold begins with a first 
layer of silica glass powder, followed by mixed powders 
of silica glass and molybdenum in different proportions, 
working from the least to the greatest proportion of mo- 
lybdenum. The molybdenum of the 12th and final layer 
was 55 Vol%. Figure 4 is a table showing the proportions 
of silica glass and molybdenum and the thickness of 
each layer of the functionally gradient material. 
[0046] The layers of mixed powders were then formed 
into a powder molding by the application of 18 x 10 7 Pa 
(120kgf/cm 2 ). 

[0047] At this point, the end of the powder molding 
with the higher proportion of silica glass powder has a 
lead bar insertion hole with a larger inside diameter, with 
a gap so that the lead rod and the inside surface of the 
hole in the powder molding do not touch. The method 
to accomplish this could be, for example, to mold the 
hole during pressing, or to cut out a larger hole after the 
powder molding has been removed from the press. The 
depth of the gap can be changed during production of 
the powder molding to obtain powder moldings with dif- 
ferent proportions of molybdenum at the point of attach- 
ment of the lead bar and the functionally gradient mate- 
rial. 

[0048] In this implementation, a lead bar made of 
tungsten wire with a diameter of 04 was inserted into 
the insertion hole, after which the powder molding un- 
derwent partial sintering at 1 200° C for about 30 minutes 
under a hydrogen atmosphere. Following that, the sam- 
ples were given an oxidation-resistant coating by coat- 
ing them with an organic solvent containing silica glass, 
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placing them in a sintering oven, and fully sintering them 
at 1720 to 1750° C for 10 to 15 minutes. 
[0049] In addition to the powder moldings described 
above, conventional seals with no gap between the 
functionally gradient material and the lead bar were 5 
made as control samples. Except for the absence of the 
gap, these control samples were made in exactly the 
same way as the test samples, using the same materials 
and shapes. 

[0050] Next, the samples thus obtained were exam- 
ined for mechanical strength at the point of attachment 
of the functionally gradient material and the lead bar. 
Using the arrangement shown in Figure 5, a load of 10 
kg was applied perpendicular to the axis of the external 
lead bar 13, and the samples were inspected macro- 
scopically to assure that no cracks or faults had oc- 
curred. 

[0051] The results of this test are shown in Figure 6 
(a) & 6(b). Figure 6(a) is a model diagram of the samples 
used in this test with Figure 6(b) summarizing the results 
obtained. 

[0052] In Figure 6(b), the horizontal axis shows the 
inside diameter C of the insertion hole from the non-con- 
ductive end of the functionally gradient material to the 
point of attachment to the lead bar. The vertical axis 
shows the depth L from the non-conductive end to the 
point of attachment, expressed as the proportion (Vol%) 
of molybdenum in the functionally gradient material. 
Now, the outside diameter D of the functionally gradient 
material in these samples was always 016. 
[0053] The points at which the symbols "O," "A," "x" 
are marked in this figure indicate combinations of inner 
diameter C and depth L of the holes in the samples. The 
seals which were samples in this test were produced in 
five varieties, with inside diameters C for lead bar inser- 
tion at 04.6, 04.8, 07.6, 09.6 and 012, and in each va- 
riety, samples were produced with different gap depths 
L (mm) to change the proportion of components at the 
point of attachment. 

[0054] For example, for the samples with an inside di- 
ameter of 04.8, for the hole from the non-conductive end 
to the point of attachment, the figure indicates that six 
samples were produced with different depths L from the 
non-conductive end to the point of attachment. The pro- 
portion of molybdenum at the point of attachment in 
these samples was 55 Vol%, 39 Vol%, 13 Vol%, 2.3 
Vol%, 0.6 Vol% and 0 Vol%. 

[0055] Now, the point where L = 0 (mm) and C = 04 
is the control sample with no gap between the function- 
ally gradient material and the lead bar. 
[0056] The symbols "O," "A," "x" represent evalua- 
tions of the various samples as seal end products. Their 
meanings are given below. 

[0057] The symbol *CT indicates a sample with no 
cracking that maintained mechanical strength and did 
not break in the bending test. It indicates a sample that 
is well-suited to use as a seal. The symbol "A" indicates 
either a sample with surface cracking during the full sin- 



tering, or one that did not maintain mechanical strength, 
but broke in the bending test. It indicates a sample that 
survived through the final processing, but could not be 
used as a seal. The symbol "x" indicates a sample that 
was broken either by handling during production of the 
functionally gradient material, or during the full sintering, 
and did not survive through the final processing. 
[0058] The control samples* functionally gradient ma- 
terial split during the full sintering stage, and could not 
be given their final shape, and so an "x" is shown for 
the L = 0 (mm), C = 04 sample. From that result, it can 
be understood that when L = 0 (or C = d), production of 
the functionally gradient material is not possible. 
[0059] Now, the samples that were evaluated as "OP 
in the test implementation were actually welded into 
lamps as seals to check whether there would be any 
deformation of the seal material during the sealing proc- 
ess. The light-emitting tubes of the lamps were made of 
silica glass with an outside diameter of 022.7 and a tube 
wall thickness of 2.35 mm. 

[0060] The result was that all of the samples were able 
to seal the light-emitting tubes completely without 
changing shape. It was understood, therefore, that the 
samples that were evaluated as m CT were well-suited for 
use as seals. 

[0061] According to the results of this test, when the 
proportion of the conductive component at the point of 
attachment of the lead bar at the silica glass end of the 
functionally gradient material was lower than 0.6 Vol%, 
cracking would occur in the functionally gradient mate- 
rial during the cooling stage after the full sintering. And 
when attempts were made to attach the lead bar to the 
functionally gradient material at a point where the pro- 
portion of the conductive component was greater than 
39 Vol%, the strength of the point of attachment of the 
lead bar and the functionally gradient material was too 
low, and breakage occurred during the bending test. 
[0062] Accordingly, by setting the point of attachment 
of the functionally gradient material and the lead bar 
such that the proportion of the conductive component of 
the functionally gradient material is no less than 0.6 
Vol% and no greater than 39 Vol%, it is possible to have 
a lamp seal well-suited to practical use that is easy to 
manufacture, has good productivity, and maintains its 
mechanical strength. 

[0063] In this test, the inner diameter of the hole from 
the non-conductive end to the point of attachment of the 
functionally gradient material and lead bar was larger 
than the outer diameter of the lead bar. 
[0064] Regarding the sample in which the inner diam- 
eter C of the hole was 04.6 and the outer diameter of 
the lead bar d was 04, the gap between the functionally 
gradient material and the lead bar was too small; the 
two made contact during the full sintering and cracking 
occurred. In the case of samples in which the inner di- 
ameter C of the hole was 04.81 or greater, no cracking 
was seen. Nevertheless, in the sample with an inner di- 
ameter C that was too large, specifically a hole diameter 
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of 012 compared with an outer diameter D of 016, the 
wall of the functionally gradient material from the point 
of attachment to the lead bar was too thin, and the pow- 
der molding was broken in handling. Samples with a 
smaller hole diameter C, such as that with an inner di- 5 
ameter of 09.6, did not break easily in handling and 
could be used as seals. These seals did not deform dur- 
ing sealing of the light-emitting tubes, and were well- 
suited to their purpose. 

[0065] Accordingly, it was learned that when the inner 
diameter C of the hole was in the range from at least 1 .2 
times the wire diameter d of the lead bar to no more than 
0.6 times the outside diameter D of the functionally gra- 
dient material, the finished product had good productiv- 
ity and was well-suited to use as a lamp seal. 
[0066] Next, lamp seals covered by inventions of this 
application were produced using different dimensions 
for the functionally gradient material and lead bar. 
[0067] Even after changing the outer diameter D of 
the functionally gradient material, the wire diameter d of 
the lead bar, the proportion of the conductive component 
at the point of attachment of the functionally gradient 
material and the lead bar, the inner diameter C of the 
hole, and the materials used for the functionally gradient 
material and the lead bar, functionally gradient material 
seals were produced using the same manufacturing 
process as in the above describe test. The productivity 
of the seals, the presence of cracking, the mechanical 
strength and so forth were evaluated, and the results 
are shown together in Figure 7. 

Effect of Invention 

[0068] 

(1) In accordance with this invention, it is possible 
to provide lamp seals with good productivity, in 
which no cracking of the functionally gradient ma- 
terial occurs in the cooling stage following sintering 
of the lead bar and the functionally gradient mate- 
rial. 

(2) In accordance with the invention of this applica- 
tion, it is possible to provide lamp seals with good 
productivity, in which there is no breakage in han- 
dling of the functionally gradient material even in the 
powder molding stage, and in which there is no 
cracking due to contact with the lead bar even when 
exposed to high temperatures during sintering. It is 
possible, moreover, to produce lamp seals well- 
suited to use, which are not deformed and which 
seal completely during welding to the light-emitting 
tubes of the lamps. 

(3) The invention of this application, enables the 
welding of the seals to the light-emitting tubes dur- 
ing the sealing process to be performed easily if the 
non-conductive end is formed thinner than the con- 



ductive end. 



Claims 

1. A lamp seal comprising a functionally gradient ma- 
terial and a lead bar; wherein the functionally gra- 
dient material has layers of mixtures of electrically 
non-conductive material and conductive material in 
which a layer at one end is non-conductive and a 
layer at an opposite end is conductive, with inter- 
vening layers in which the proportion of conductive 
material increases moving from said one end to said 
opposite end; wherein the lead bar passes through 
a hole extending through the functionally gradient 
material in a direction of between said ends; where- 
in the lead bar is attached in a conductive region of 
the functionally gradient material; wherein said hole 
is cylindrical with an expanded diameter, which ex- 
panded diameter extends from the point of attach- 
ment of the lead bartoward the non-conductive end; 
and wherein the proportion of conductive material 
at the point of attachment of the lead bar to the func- 
tionally gradient material is no less than 0.6 Vol% 
and no more than 39 Vol%, 
characterized in that 

the diameter of the cylindrical hole in the re- 
gion from the non-conductive end of the functionally 
gradient material to the point of attachment of the 
lead bar satisfies the condition 1.2d < C < 0.6D, 
where C is the diameter of the cylindrical hole in the 
region from the non-conductive end of the function- 
ally gradient material to the point of attachment of 
the lead bar, d is an outer diameter of the lead bar 
and D is an outer diameter of the functionally gra- 
dient material. 

A lamp seal as described in claim 1 , wherein the 
hole expands in a tapered form from the point of 
attachment toward the non-conductive end; and the 
wall thickness of the functionally gradient material 
from the point of attachment to the non-conductive 
end is less than its wall thickness at the point of at- 
tachment. 

A lamp seal as described in claim 1 , in which the 
outside diameter of the functionally gradient mate- 
rial at and near the non-conductive end is smaller 
tha n the outside d iameter at the point of attach ment. 



Lampenabdichtung, umfassend ein Material mit ei- 
nem Funktionsgradienten und einen Anschlussstift, 
worin das Material mit einem Funktionsgradienten 
Schichten aus Gemischen von elektrisch nicht-lei- 
tendem und leitendem Material aufweist, wobei ei- 



15 



20 



25 



30 



35 

2. 

40 
45 

3. 



50 



1. 

55 



13 



EP 1 043 754 B1 



14 



ne Schicht an einem Ende nicht-leitend und eine 
Schicht an einem gegenuberliegenden Ende lei- 
tend ist, mit dazwischen liegenden Schichten, in de- 
nen sich der Anteil von leitendem Material beim Be- 
wegen von dem einen Ende zum gegenuberliegen- 5 
den Ende erhdht; worin der Anschlussstift durch ei- 
ne Offnung hindurch Iduft, die sich durch das Mate- 
rial mit einem Funktionsgradienten in Richtung zwi- 
schen den Enden erstreckt; worin der An- 
schlussstift in einem leitenden Bereich des Materi- 10 
als mit einem Funktionsgradienten angeschlossen 
ist; worin die Offnung zylindrisch mit einem erwei- 
terten Durchmesser ist, welcher erweiterte Durch- 
messer sich vom Anschlusspunkt des An- 
schlussstifts bis zum nicht-leitenden Ende er- 15 
streckt; und worin der Anteil an leitendem Material 
am Anschlusspunkt des Anschfussstifts am Mate- 
rial mit einem Funktionsgradienten nicht kleiner als 
0,6 Vol.-% und nicht grofier als 39 Vol.-% ist, 
dadurch gekennzeichnet, 20 
dass der Durchmesser der zylindrischen Offnung 
im Bereich vom nicht-leitenden Ende des Materials 
mit einem Funktionsgradienten bis zum Anschlus- 
spunkt des Anschlussstifts die Bedingung 1 ,2d < C 
< 0,6D erfullt, wobei C der Durchmesser der zylin- 25 
drischen Offnung im Bereich vom nicht-leitenden 
Ende des Materials mit einem Funktionsgradienten 
bis zum Anschlusspunkt des Anschlussstifts, d ein 
Aufcendurchmesser des Anschlussstifts und D ein 
Aufcendurchmesser des Materials mit einem Funk- 30 
tionsgradienten ist. 

2. Lampenabdichtung gemalJ Anspruch 1 , worin sich 
die Offnung konisch vom Anschlusspunkt zum 
nicht-leitenden Ende aufweitet und die Starke der 35 
Wand des Materials mit einem Funktionsgradienten 
vom Anschlusspunkt zum nicht-leitenden Ende 
kleiner ist als seine Wandstarke am Anschlus- 
spunkt. 

40 

3. Eine Lampenabdichtung gemaft Anspruch 1 , wobei 
der AuRendurchmesser des Materials mit einem 
Funktionsgradienten am und nahe des nicht-leiten- 
den Endes kleiner ist als der AuRendurchmesser 
am Befestigungspunkt. 45 



portion de materiau conducteur augmente en allant 
de ladite premiere extremity vers ladite extremity 
oppos6e ; dans lequel la barre conductrice traverse 
un orifice qui s'Stend a travers le materiau £ gradient 
fonctionnel dans une direction situ6e entre lesdites 
extr^mites ; dans lequel la barre conductrice est 
fix6e dans une zone conductrice du materiau £ gra- 
dient fonctionnel ; dans lequel ledit orifice est cylin- 
drique avec un diametre agrandi, ce diametre 
agrandi partant du point de fixation de la barre con- 
ductrice vers I'extr6mite non conductrice ; et dans 
lequel la proportion de materiau conducteur au 
point de fixation de la barre conductrice au materiau 
£ gradient fonctionnel n'est pas inferieure £ 0,6 % 
en volume et pas superieure £ 39 % en volume, 

caracterise en ce que 

le diametre de I'orifice cylindrique dans la zo- 
ne de I'extremite non conductrice du materiau £ gra- 
dient fonctionnel au point de fixation de la barre con- 
ductrice satisfait a la condition 1 ,2d < C < 0,6D, ou 
C est le diametre de I'orifice cylindrique dans la zo- 
ne allant de I'extremite non conductrice du materiau 
a gradient fonctionnel jusqu'au point de fixation de 
la barre conductrice, d est un diametre exterieur de 
la barre conductrice et D est un diametre exterieur 
du materiau a gradient fonctionnel. 

2. Joint d'etanctteite pour lampe selon la revendica- 
tion 1, dans lequel i'orifice s'agrandit en cone du 
point de fixation en direction de I'exttemite non 
conductrice ; et I'epaisseur de paroi du materiau a 
gradient fonctionnel entre le point de fixation et I'ex- 
tremite non conductrice est inferieure £ son 6pais- 
seur de paroi au point de fixation. 

3. Joint d'6tandteite pour lampe selon la revendica- 
tion 1 , dans lequel le dianrtetre exterieur du materiau 
£ gradient fonctionnel au niveau et £ proximite de 
I'extremite non conductrice est interieur au diametre 
exterieur au point de fixation. 



Revendications 

1 . Joint d'etancheite pour lampe, comprenant un ma- 50 
teriau a gradient fonctionnel et une barre 
conductrice ; dans lequel le materiau £ gradient 
fonctionnel poss&de des couches de melanges de 
materiau dlectriquement non conducteur et de ma- 
teriau conducteur, dans lequel une couche £ une 55 
premiere extremite est non conductrice et une cou- 
che £ une extrgmite oppos6e est conductrice, avec 
des couches intercalates dans lesquelles la pro- 
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FIG. 2(a) 



FIG. 2(b) 



22 2 \ 9 26 ^ 22 2* 9 2S 




8 6 7 7 *» _, 



FIG. 2(c) 
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FIG: 4 
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FIG. 7 
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